Variances within and among colony sizes with respect to all data collected usually were not homogeneous and did not allow the use of parametric statistics. Therefore, I used nonparametric tests for most analyses. The Kruskal-Wallis test provided a method for comparing colony size means where ranking was possible. The Spearman rank correlation ( rs) test indicated the degree of correlation between two covarying variables. In cases where ranking was impractical, I used binomial and multinomial chi-square statistics.
to assess the benefits or disadvantages of group nesting for the Barn Swallow. Seasonal reproductive output of an average pair in each colony is an appropriate measure of relative fitness and is expressed as the number of young fledged per breeding pair per year, the number of pairs being equal to the number that initiated a first brood. Reproductive output did not vary consistently or significantly with colony size over the 2 years of the study ( r, = 0.226). The reproductive output averaged 5.6 young (r = 2.7-8.0 young) corresponding to a seasonal reproductive success of 78.5% (r = 57-94%; 100% x number of young fledged/number of eggs laid) and was similar in both years.
The lack of consistent differences in reproductive output of different colony sizes suggests that Barn Swallows derive no benefits or disadvantages from nesting in colonies. However, the failure to discern dramatic differences in reproductive output does not preclude the existence of more subtle and perhaps conflicting effects of group nesting. In examining the data, I will consider two sources of variation in reproductive output. One deals with the relative importance of different sources of mortality, e.g., predation, failure to hatch, lack of food, and probability of post-fledging survival. The second concerns factors influencing the potential number of young that can be produced in a season, such as variation in clutch size, occurrence of second-brooding and replacement-brooding, and date of hatch.
Whole-clutch mortality. The major source of mortality in both years consisted of wholeclutch loss of eggs and young due to suspected predation and abandonment (Table 2) . This mortality represents a loss of 12.5% (218/ 1750) of the eggs laid over the two seasons, 17.2% (318/1850 eggs) if losses due to cats and humans are included. These figures correspond to an average loss of 0.6 and 0.8 young per pair, respectively.
The magnitude of losses due to suspected predation and abandonment was not affected in any consistent or significant manner by variation in colony size and ranged from 9.5% to 15.6% of the eggs laid (0.4 to 0.7 young per pair). Whole-clutch mortality in colonies of all sizes was equally distributed between loss of eggs (5.6%, 98/1750) and loss of young (6.9%, 120/1750). The size of the colony also had no effect on the ratio of abandoned to plundered nests. A total of 146 eggs and young (7.7%) in 33/376 nests were destroyed by unknown agents, probably birds or rodents. The remaining 76 eggs and young (4.1%) perished after abandonment of 17' nests. Abandonment accompanied or closely followed predation in the same colony in lo/17 cases, suggesting that the destructive agents also caused the abandonment.
Many colonial birds will mob potential predators, and the Barn Swallow is said to be an aggressive mobber in comparison to other colonial swallows (Bent 1942 , Lind 1964 Partial-clutch mortality. The third component of mortality accounted for the loss of 3.4% (59/1750) of the eggs laid and included death due to starvation and accident (see table 2). The incidence of death to 1 or 2 members of a clutch was not linked significantly with colony size and varied from 0.0% to 8.5% of the eggs laid in a colony, usually contributing less to overall mortality than either predation or failure to hatch.
It was difficult to determine the causes of partial-clutch mortality of young. In some instances, the young died in the nest; in others, they disappeared without a trace or were found dead on the ground. The young that were found dead were never marked in any way that suggested predation as a cause of death, and I suspect that those young that disappeared were taken only after falling from the nest. In 76% of the cases (36/47), the young that perished had been retarded in weight and growth, and therefore starvation appears to have been an important factor in their deaths. colony sizes, F = 21.4 and 12.6 respectively). This observation implies that adults might have had more difficulty finding food for nestlings in large colonies than in small ones. However, the variation did not appear at any other time during the study, so its validity requires substantiation.
FORAGING AND FEEDING RATE
The frequency with which adults visit the nest to bring food to nestlings is a crude measure of the availability of food in the immediate area. If feeding rates in any particular breeding location are lower than the average for the species, this could indicate local scarcity of food and/or the necessity to forage at greater distances than normal. One factor that could affect local availability of food for the Barn Swallow, an aerial insectivore, is the size of the colony that is exploiting food supplies in the immediate vicinity of the breeding site. No such effect was evident in 1970 when I observed feeding rates at 11 colonies. The variability in all colony sizes was great, and there was considerable overlap in feeding rates among the colony sizes. Mean rates did not vary significantly among the colony sizes, either on a per-nest or per-nestling basis. The A number of factors could have contributed to the large variability observed in the feeding rates and might have masked any differences attributable to colony size. It was impossible to insure that foraging conditions were identical at a11 colonies or in all observation periods. In an attempt to control some of the variability, I limited observations to the hours of 0700 to 1100, refrained from collecting data if any rain fell during observation hours, and restricted analysis of data to nests containing young between the ages of 8 and 13 days. A fourth factor affecting the feeding ratebrood size-was probabIy not an important source of variation in the colony size rates. Although feeding rate varied significantly with brood size (Snapp 1973)) brood size itself did not vary with colony size.
Although colony size appeared to have no effect on feeding rates, it is possible that adults derived some benefit from foraging in groups in the larger colonies. In 1971, I observed adults in the field at 4 colonies of 8 or more pairs in an attempt to assess the role of social facilitation in feeding and location of food supplies. Observations on foraging patterns over a total of 75 hr support the conclusion that Barn Swallows forage as individuals and do not take advantage of the possibility of group foraging and social facilitation offered by larger colonies. Most of the feeding appeared to take place within 400 m of the col- Rather, it appears that only early breeders were delayed, resulting in a clustering of hatching dates close to the mean for each colony. Therefore, it seems that only external conditions such as weather and not active interaction among breeding pairs can act to increase the synchrony of a colony.
Since the duration of first-brood hatching within most colonies was less than that of the population as a whole (-5.5 days average in 1970; -12.2 days in 1971), it is possible that within-colony synchrony, irrespective of colony size, could have had an impact on reproductive output in a colony. Such an impact might be expected if social stimulation played a role in determining the timing of breeding within a colony (Darling 1938). The critical timing parameter is the within-colony synchrony of the first brood, and this parameter bore no relationship to seasonal reproductive output ( rs = -0.08).
Nor were there significant correlations in either first or second brood when each was considered separately ( rs = -0.07 and +0.15).
Occurrence of second broods. I examined second-brood occurrence in two ways: actual number present and potential number available. There was no significant correlation among colony sizes with respect to the proportion of pairs actually having a second brood (r, = -0.16). An average of 49% ( 147,' 301) of all first brood pairs and 57% (147/ 259) of the successful first brood pairs initiated second broods.
Three timing factors operate together to determine the potentiality of second-brooding: date of hatch of the first brood, date of fall migration (late August), and an inter-brood interval of approximately 45 days (R = 35-54 days). The combination of the latter two factors allows the determination of a date by which first-brood hatching would have to occur if a second brood were to be raised. This date is 23 June. An average of 77% of the Barn Swallow pairs successfully completing a first brood met the date restrictions and therefore were theoretically able to raise a second brood. However, only 65% (147/225) of all pairs with time to raise a second brood actually attempted to do so. Neither percentage varied significantly with colony size.
The lack of a consistent correlation between colony size and first-brood timing factors, inter-brood intervals, or percentage of late breeders suggests that the occurrence of second-brooding is not regulated by social interaction among breeding pairs and is probably unaffected by the density of breeding pairs. Similar observations hold true for the occurrence of replacement broods laid after destruction of previous clutches. Although abandoned nests and destroyed second-brood clutches were never replaced, 68% (25/37) of the nests destroyed in the first brood were replaced in the two seasons. The rate of replacement, interval between destruction and replacement, and the success of replacement broods were all unrelated to colony size, irrespective of the nature of the destructive agent.
DISCUSSION
Because of the scarcity of literature on many species of swallows, the following discussion will deal for the most part with northern temperate zone swallows and with species from other bird families. The observations of Barn Swallow mobbing behavior lead one to the conclusion that aggregation has not conferred any benefit from the standpoint of decreasing mortality due to predation. On the other hand, colonial breeding does not appear to have been detrimental with respect to predation loss. Although the large number of birds increased the conspicuousness of the nesting site, the level of predation in Barn Swallow colonies was not greater than that suffered by solitary nesting pairs of the same species. In fact, most of the evidence presented in the section on nestling weight and growth indicates that food supply is not always a critical factor in determining Barn Swallow colony size. For example, nestling death due to suspected starvation was very low in all colony sizes (1.8% to 4.1% of eggs laid), and was less important as a mortality source than predation or failure to hatch. Nestling weight varied significantly among the colony sizes only in the first brood of 1970, but in a manner that was unrelated to the density of nesting pairs. On the other hand, mean weights of 15-dayold nestlings varied inversely with brood size in large and x-large colonies at this time, and not in smaller colonies, indicating that adults might have had some difficulty finding sufficient food.
The In conclusion, the Barn Swallow seems to have evolved mechanisms that permit pairs to nest near one another but at well-spaced intervals, a condition that allows groups of 2 or 3 pairs to nest together in most natural breeding sites. It appears that the larger colonies now are a passive extension of the natural occurrence of small nesting groups, and that the nature of the buildings available has had a profound influence on the development of colonial breeding in the Barn Swallow. burrow-excavator, exposed-surface mud-nester, recessed-surface mud-nester, tree cavity-nester, substrate cavity-nester (Snapp 1973). However, the presence of a high degree of synchrony within the colonies of certain swallow species indicates that nest-site availability alone is not sufficient to account for the high degree of sociality observed in the breeding season. It is perhaps significant that those species which are most synchronized are also found in the largest colonies (Bank and Cliff swallows).
Evidence that synchrony in colonial swallows is a response to predation pressure is scanty, and behavioral defense mechanisms have not developed to a great degree. Observations of the foraging behavior of some species indicate that difficulty in locating food sources may play a role in producing withincolony synchrony. The fact that there is less synchrony between colonies than within colonies in these species (J. T. 
